,  '  •■Jtj  '  ^ 


MICRO-CAJRB 


AELINCTTON  HALL  STATION  5  ARLINGTON  12  YIEGINIA 


A.  A _ .^1 

•  ■ 

!  -  •■ 

Ha  1 

U  1  ' 

1  ^ 

^HPn 

H  / 

H 

■ 

1  4^. 

.  .. 

■!W»W-^  r 

mmm  wririiiirr-^uiiii 

Wm  -  w^HrHw-nHH 

Vf  « 

1  *  1 

M  *  1 

tF 

A  ‘  1 

"  %  ! 

n«  1 

\  ’  -1 

»  1' 

i  <p 

A’  ' 

*  •  ■  -• 

k 

Bv 

*  *'^V 

HOTICB:  When  govensnent  or  other  dravings,  sped* 
flcatlons  or  other  data  are  u»ed  for  any  purpose 
other  In  connection  vlth  a  definitely  related, 
goveraaent  procurcsaent  operation;^  the  U»  S» 
Govenment  thereby  incurs  no  responsibility,  nor  any 
obliffitlon  uhatsoeverj  and  the  fact  that  the  Oovem- 
awnt  Bay  have  foznulated,  furnished,  or  in  any  vay 
supplied  the  said  drawings,  speclficatlraas,  or  other 
data  la  not  to  be  regarded  by  Inplicatlon  or  other¬ 
wise  as  In  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rl^ts 
or  pemission  to  manufacture,  uee  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 


Best 

Available 

Copy 


s 


A  STATISTICAL  EVALUATION  OF  THE 
PYROTECHNICS  ELECTROSTATIC  SENSITIVITY  TESTER 


by 


I:v«r«tt  Omm 
Smith 
AImm  Bvlfinch 


F*hm«i  R«s«er€h  ondl  EngiiiMriMg  Labwrctwi** 
Pic^iimy  Arttmit 
D»v»r,  N.  J. 


Tvehnicai  N9t«»  26 


Qtimnst  Pi«|*ct  "fS5--5407 

{^1  »f  tiw  Pr«{*ct  504-4)1-027 


Aftyf«v*4: 

A  *  A  Am** 


%.  SAOE 


Chief,  Pyr«fte<ehnlct 
Uehmfutery 


TABLE  OE  CONTEMTS 


Object 

Suminary 

Introduction 

Experimental  Design  and  Analysis 

Experiment  1  (Energy  Chmges) 

Experiment  2  (Gap  Length,  Humidity,  Voltage, 
and  Resistance) 

Experiment  3  (Eo®f8y»  Capacitance,  and  Voltage) 

Results 

Experiment  No.  1 
Experiment  No.  2 
Experiment  No.  3 
Discussion  of  Results 
Conclusions 
References 
Distribution  List 
Tables  and  Figures 

Table  1  Four-Factor  Factorial  Elcctro«atic  Sensitivity 
Experiment  (Experiment  2)  for  29’Nicrcn 
Magnesium  Powder 


Pog* 

1 

1 

1 

2 

3 

3 

3 

4 

4 

4 

4 

4 

5 

r 

6 
24 


Table  2  Summary  of  Table  1  Data 


8 


TAILE  OF  CONTENTS  (C*iit) 

Fa|* 


Table  3  Non-Par aanetric  Analysis  of  Variance  of 

Table  1  Data  9 

Table  4  Three-Factor  Factorial  Electrostatic  Senaitivity 

Experiment  for  29‘Nicron  Magoesiam  Powder  10 

Table  5  Summary  of  Table  4  Data  (See  also  Figs  8  *od  9)  11 

Fig  1  Schematic  of  Electrostatic  Sensitiaity  Test  Apparatus  12 

Fig  2  Pyrotechnic  Electrostatic  Sensitivity  Tester  13 

Fig  3  parking  Mechanism,  Probe,  and  Adjustments  14 

Fig  4  Normality  of  Distribution  of  Experiment  1 

Capacitance  Data  13 

Fig  5  Normality  of  Distribution  of  Experiment  1 

Energy  Data  16 

Fig  6  Preliminary  Data  on  Effect  of  Humidity  on 

Capacitance  17 

Fig  7  Preliminary  Data  on  Effect  of  Humidity  on  Energy  18 

Fig  8  Confirmation  of  Figures  4  and  6  at  Controlled 

Temperature  and  Humidity  19 

Fig  9  Confirmation  of  Figures  5  and  7  at  Controlled 

Temperature  and  Humidity  20 

Fig  10  Area  Graph  Showing  Interaction  Between 

Voltage  and  Energy  21 

Fig  11  Line  Graph  Showing  Interaction  Between 

Voltage  and  Energy  22 

Fig  12  Composite  of  Figure  11  Curves  23 


OBJECT 


INTRODUCTION 


(a)  To  establish  optimuoi  operating 
conditions  for  she  electrostatic  sensi¬ 
tivity  tester  by  determining  statistically 
which  design  factors  contribute  roost 
significantly  to  its  performance. 

(b)  To  (’etermine  whether  electric 
spark  sensitivity  results  obtained  through 
use  of  this  instrument  on  samples  of  fine 
(29  micron)  magnesium  powder  arc  repro¬ 
ducible. 

t 

SUMMARY 

An  electrostatic  sensitivity  tester  de¬ 
veloped  at  Picatinny  Arsenal  was  evalu¬ 
ated  statistically.  The  factors  found  to 
contribute  most  significantly  to  optiniuro 
instrument  operating  ondirions  were  re¬ 
sistance,  humidity,  energy,  and  the  rela¬ 
tionship  of  energy  to  resistance.  The 
electrostatic  sensitivity  results  obtained 
with  fine  magnesium  powder  specimens 
were  found  to  be  reproducible.  It  was 
concluded  that  further  work  should  be 
conducted  on  a  variety  of  samples  to  de¬ 
termine  ciie  effect  of  various  characteris¬ 
tics  of  the  circuit  and  the  maximum  energy 
input  which  will  produce  no  burning  in  a 
specified  number  of  trials.  A  method  for 
measuring  this  can  be  developed  by 
studying  the  lower  tails  of  the  spark 
sensitivity  curves.  Deviations  in  the 
lo-'^er  tails  of  the  curves,  which  arc 
unique  for  each  material,  sat  the  best 
indicators  of  the  materials’  sensitivity 
characteristics. 

\ 

\ 


Previously  constructed  eleaioscadc  saisi- 
tivity  testers  were  found  to  have  one  major 
shortcoming.  The  energy  delivered  to 
the  sample  was  inconsii^ent  because  of 
losses  within  the  system,  and  reproduci¬ 
bility  of  results  was  the.eforc  erratic. 

An  investigation  electrostatic  sensi¬ 
tivity  testers  in  use  by  the  Bureau  of 
Mines,  the  Nav  d  Ordnance  Laboratory, 
and  the  British  armed  forces  was  under¬ 
taken  (Refs  1.  2,  3?  and  4),  and  a  modi¬ 
fied  apparatus  was  constructed  in  an 
attempt  to  eliminate  this  deficiency. 

The  action  of  the  pyrotechnics  elec¬ 
trostatic  sensitivity  tester  developed  at 
Picatinny  (Fig  1,  p  12)  is  extremely 
simple.  A  sample  is  placed  in  the  sam¬ 
ple  holder  and  a  movable  probe  having  a 
shaip  point  is  raised  above  it.  The  appa¬ 
ratus  is  then  set  at  the  desired  voltage 
and  R—C  resistance.  A  chosen  capaci¬ 
tor  (charged  to  the  desired  voltage)  is 
connected  between  the  probe  and  the 
sample  holder  base.  The  capacitor  is 
discharged  by  allowing  the  probe  to  fall 
to  a  fixed  distance  above  the  sample. 

The  operator  then  observes  and  records 
the  resulting  action. 

This  is  a  classical  experiment^  as  many 
such  devices  have  been  used  in  the  past. 
However,  despite  its  apparent  simplicity, 
it  has  not,  in  past  work,  consistently  pro¬ 
duced  satisfactory  results.  Because  it 
has  a  built-in  resistance,  capacitance, 
and  probe-down-time  mechanism  (Fig  2, 
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p  13),  the  new  device  offers  better 
opportunity  for  consistent  results.  One 
unfortunate  difficulty,  however,  is  that 
the  probe  (Fig  3,  p  14)  tends  to  become 
loosened  by  vih'ation,  causing  the 
operator  to  lose  time  in  resetting  it. 
After  preliminary  tests  have  been  con¬ 
ducted,  improvements  to  eliminate  this 
fault  will  be  made. 

Because  a  large  volume  of  data  has 
been  collected  in  determining  optimum 
instrument  operating  conditions,  it  was 
considered  desirable  to  issue  a  report 
on  this  phase  of  the  investigation. 
Electric  spark  sensitivity  data  on  vari¬ 
ous  pyrotechnic,  propellent,  and  explo¬ 
sive  materials  will  be  included  in  sub¬ 
sequent  reports. 

Difficulties  inherent  in  the  study  of 
this  instrument  are; 

1.  Only  attribute  (Go,  No  go)  type 
data  can  be  obtained.  This  type  of  data 
yields  only  a  small  amount  of  informa¬ 
tion  per  observation. 

2.  The  property  of  the  materials 
to  be  tested  is  sensitivity  to  electric 
spark.  This  property  requires  a  test  of 
increased  severity  which  is  a  type  of 
test  that  yields  little  information  per 
observation. 

3.  The  effects  of  a  large  number 
of  variables  are  determined  simultane¬ 
ously. 

4.  The  spark  sensitivity  of  a  large 
number  of  materials  must  be  evaluated. 


The  input  energy  and  the  effect  of  in¬ 
strument  variables  for  any  given  material 
are  of  little  value  in  the  study  of  spark 
sensitivity  of  other  matef'*ts. 

5.  Because  of  the  nature  of  the 
data,  non-parametric  methods  of  analysis 
must  be  used.  These  methods  are  less 
efficient  than  parametric  methods  or 
analysis. 

To  reduce  these  difficulties  to  a  mini¬ 
mum  and  extract  the  maximum  amount  of 
information  possible,  statistically  de¬ 
signed  experiments  called  factorial  ex¬ 
periments  were  used.  This  type  of  de¬ 
signed  experiment  is  the  roost  efficient 
known.  It  is  possible  in  factorial  experi¬ 
ments  to  study  more  than  one  variable  at 
a  time.  In  general,  the  efficiency  of  the 
experiment  is  increased  when  a  greater 
number  of  variables  are  studied  slroulta- 
neouslj  (^Refs  5  and  8). 

experimental  design 

AND  ANALYSIS 

Since  the  equipment  used  in  this  ex¬ 
periment  was  new,  little  was  known  at 
the  outset  concerning  either  the  magni¬ 
tude  of  the  input  energy  required  to  cause 
burning  or  the  effects  of  such  other  vari¬ 
ables  as  might  be  present  in  the  system. 
Therefore,  a  sequential  approach  to  the 
problem  was  adopted.  In  this  manner, 
something  was  learned  about  the  magni¬ 
tude  of  the  input  required,  and  it  was 
possible  to  examine  the  results  of  small 
experiments  before  doing  further  werk. 
The  results  of  these  exploratory  experi¬ 
ments  were  not  included  in  this  report 


because  their  contribution  was  mainly 
to  eliminate  “rough  spots*'  in  the  appa¬ 
ratus. 

The  data  was  analyzed  by  the  Jlruskal- 
fallis  rank-sum  te«,  sometimes  called 
the  H-Test.  In  determining  the  signifi¬ 
cance  of  the  main  effects,  this  test  was 
used  in  the  usual  way  (Ref  5),  to  de¬ 
termine  differences  among  means.  In  de¬ 
termining  the  significance  of  the  firsr- 
order  interactions,  the  appropriate  main 
effects  were  subtracted  from  each  total 
interaction  effect. 

In  these  exploratory  studies,  fine 
(29  micron  average  particle  size)  magne¬ 
sium  powder'  was  used,  since  it  was  a 
convenient  homogeneous  mateiial. 

Expatimant  \  (Enarpy  Ckaagas) 

To  obtain  a  first  estimate  of  the  input 
energy  required,  test  s  of  increased  se¬ 
verity  were  conducted  using  the  run-down 
method  (Refs  6  and  7).  In  these  tests, 
all  variables  were  held  constaru  at  con¬ 
venient  levels,  except  energy  (in  joules), 
which  was  varied  by  varying  the  capaci¬ 
tance.  When  the  results  were  plotted  on 
prob^HHity  paper  (Figs  4  through  9, 
pp  15  through  20),  they  yielded  essenti¬ 
ally  straight  lines,  which  indicated  that 
the  data  could  be  considered,  for  all 
practical  purposes,  to  be  normally  distrib¬ 
uted.  This  was  an  important  finding 
since  it  simplified  interpretation  of  the 
results.  The  average  values  from  these 
graphs  (the  50%  points  in  terms  of 
-  _  ___ 
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energy)  were  helpful  in  establishing  the 
input  energy  level  used  as  a  atMdard 
in  subsequent  experiatencs. 

Exp*r{»*nf  2  (Cap  Lasith, 

Veltasa,  and  Rasiatanca) 

The  results  of  Experiment  1  were  as 
follows: 

1.  The  effects  of  sample  size  were 
insignificant. 

2.  Only  inconclusive  data  was  ob¬ 
tained  on  the  effects  of  gap  length  and 
humidity. 

3.  The  data  obtained  indicated 
that  more  should  be  known  about  the  ef¬ 
fects  of  voltage  and  resistance. 

On  the  basis  of  the  sbove  findings. 
Experiment  2  was  designed  as  a  4-factor 
complete  factorial  experiment  to  dete^ 
mine  the  effects  of  humidity,  gap  length, 
voltage,  and  resistance.  The  energy 
level  was  adjusted  to  0.100  joule,  to 
provide  a  usable  distribi^ion  of  successes 
and  failures.  The  ezperitBent  was  repeated 
5  tames  (Tables  1,  2,  and  3,  pp  7,8, 
and  9). 

ExpwriRiwnf  3  (Energy,  CapeeStsnea, 
and  Volteg*) 

It  was  clear  from  the  4*factor  experi¬ 
ment  that  the  greatest  number  of  ignitions 
were  beisg  obtained  by  eliiUMting  the 
resistance  (which  is  connected  in  series 
between  the  capacitor  and  the  probe).  R 
now  appeared  desirable  to  determine  the 
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effect  of  voltage  at  different  energy 
levels.  For  this  pw’pose,  a  3-f actor 

Effect 

factorial  experiment  was  designed 

V  X  G 

.lOt  Significant 

(Tables  4  and  5»  pp  10  and  11)  involving 

3  levels  of  voltage,  6  levels  of  energy. 

R  X  G 

Not  Si^flcant 

and  2  levels  of  resistance.  Resistance 

V  xH 

Not  SigaiftcaK 

was  included  to  confirm  the  conclusions 
reached  in  the  4-factor  experiment  re¬ 

R  xH 

Not  Significant 

garding  the  effect  of  resistance. 

G  xH 

Not  Sigaificane 

RESULTS 

V  X  R 

Significantc 

Experiment  No.  1 

The  test  s  of  increased  severity  showed 
averages  (50%  ignitions)  and  standard 
deviations  (slopes),  in  joules,  as  follows: 


Average 

Std  Dev 

Figure  5 

0.100 

0.075 

Figure  7 

0.134 

0.055 

Figure  9 

0.144 

0.064 

Exparlmant  No.  2 

The  results  of  the  4’factorial  statist!* 
cal  analysis  detailed  in  Tables  1,  2>  and 
3,  pp  7,  8,  and  9,  were: 

Main  Effaets**  Effect 


c 

Very  hiahijr  eigaificent,  beyo&J  'he 
99.9%  level 

Experiment  No.  3 

Figjtfe  10  (p21)  represents  percentage 
of  hits  (burnings)  versus  volts  versus 
joules  and  Figure  11  (p22)  shows  per* 
centageof  hits  versus  joules  for  3000, 
4000,  and  5000  volts.  The  curve  in  Fig* 
lure  12  (p23)  is  a  composite  of  the  3 
curves  in  Figure  11.  Tables  4  and  5 
show  that,  while  resistance  (R)  and 
energy  (E)  are  both  very  highly  signifi* 
cant,  voltage  (V)  is  not  significant.  Fig* 
ise  12  shows  the  average  to  be  0,062 
joule  and  the  standard  deviation  to  be 
0.019  joule  over  the  three  voltage  levels 
u%d. 


Voltage  (V)  Not  Significant 


DISCUSSION  OF  RESULTS 


Resistance  (R)  Significant^ 

Gap  Length  (G)  Not  Significant 
Humidity  (H)  Significant  h 

^Talccfl  (tom  the  Analyau  of  Variance  in 
Table  3  (p  9) 

Sl^ficaot  at  the  95%  confidence  level 


Elimination  of  the  darker  of  accidental 
electrostatic  initiation  is  a  major  reason 
for  measuring  the  electric  spark  senia* 
tivity  of  pyrotechnics,  explosives,  pro¬ 
pellants,  and  other  materials.  For  this 
purpose,  instrument  operating  conditions 
that  «411  produce  the  maximum  burning 
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mie  »t  *11  en«r|y  levels  can  be  con¬ 
sidered  optimu.1). 

From  Tables  1  and  4  (pp  7  and  10), 
it  is  clear  that  removing  all  resistance 
from  the  sysfero  produces  a  significant!  y 
greater  burning  rate  at  all  energy  levels. 
Zero  resistance  can  therefore  be  con¬ 
sidered  the  optimum  resistance  condi- 
tlbn  for  magnesium  powder. 

The  data  in  Tables  4  and  5  and  Fig¬ 
ure  11  (  pp  10  and  11  and  22)  shows 
that,  for  zero  resistance,  the  effect  of 
changing  the  voltage  from  3000  to 
5000  volts  is  not  significant.  The  ef- 
fectiv*  sample  size  for  evaluating  the 
effect  of  voltage  is  30  trials  at  each 
voltage  level.  Hence,  the  conclusion 
that  the  effect  of  voltage  at  zero  resist- 
ance  -  is  insignificant  at  all  energy  levels 
is  based  on  a  sample  size  sufficient  to 
give  very  good  precision. 

The  data  (Tables  4  and  5  and  Fig¬ 
ure  12  (pp  10  and  11  and  23)  also  makes 
evident  a  correlation  between  increasing 
percentages  of  burnings  and  increasing 
energy  (joules). 

Information  on  gap  length  and  humid¬ 
ity  is  given  in  Table  1  (p  7  ).  This 
t;«bie  shows  that,  over  the  5  resistance 
levels,  the  effect  of  changing  the  gap 
length  from  0.01  to  0.02  inch  is  nil  and 
the  effect  of  changing  the  humidity  from 
30%  to  S)%  is  significant.  The  results 
shown  in  this  table  are  considered  to  be 
reliable  because  they  meet  the  effective 
sample  siz®  requirement  for  gap  length 
and  humidity,  which  is  250  trials  at 
each  level. 


Additional  work  should  be  done  to 
define  the  electric  spark  sensitivity  of 
pyrotechnics,  explosives,  propellants, 
and  other  materials  in  terms  of  the 
characteristics  of  the  electric  circuit 
used  and  the  maximum  energy  inpis 
which  produces  no  burning  in  a  speci¬ 
fied  number  of  trials.  Once  this  defini¬ 
tion  has  been  developed  through  experi¬ 
ence  with  reprcseittative  materials,  a 
method  for  measuring  this  property  can 
be  developed.  This  can  be  done  by 
studying  the  lower  tail  of  each  sensi¬ 
tivity  curve  shown  as  a  broken  line  in 
Figure  12.  Since  errors  in  this  portion 
of  the  curve  are  rather  large,  it  is  danger¬ 
ous  to  extrapolate  from  present  data.  In 
addition,  significant  deviations  from 
normality  can  be  expected.  These  devia¬ 
tions  cannot  be  predicted  by  any  known 
means.  However,  past  experience  with 
the  impact  sensitivity  of  explosives  has 
shown  that  these  deviations  in  the  lower 
tail  of  the  sensitivity  curve  are  unique 
for  each  material  and  are  the  best  indi¬ 
cators  of  sensitivity  characteristics. 

Work  should  also  be  carried  out  to 
determine  optimum  instrument  conditions 
for  pyrotechnics,  explosives,  propellants, 
and  other  materials.  It  may  be  possible 
to  classify  roost  materials  into  a  few 
general  types  for  this  purpose,  so  that 
only  a  few  instrument  settings  will  be 
required.  If  this  is  not  possible,  then  a 
rapid  method  should  be  developed  for 
determining  optimum  conditions  for  new 
materials. 

CONCLUSIONS 

1.  The  maximum  burning  rate  of  magne¬ 
sium  powder  cannot  be  obtained  over  the 
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mngc  of  energy  I«rel*  eurveyed  if  re- 
siinance  i*  eeWed  in  scrie*  between 
the  cepwcitor  end  the  probe.  Varying 
the  voltage  between  3000  and  5000  volts 
has  no  effect  on  the  number  of  ignittons 
of  magnesium  powder  at  any  energy 
level  when  the  resistance  level  is  held 
constant. 

2.  Ignition  is  dependent  on  the  energy 
released  by  the  electrostatic  sensitivity 
apparatus.  For  magnesium  powder,  the 
percentage  of  burnings  increases  with 
increasing  energy  (joules). 

L 

3.  There  is  highly  significant  inter¬ 
action  between  resistance  and  voltage, 
that  is,  the  effect  of  voltage  is  depend¬ 
ent  upon  the  level  of  resistance  em¬ 
ployed.  Thus,  any  statement  concern¬ 
ing  the  effect  of  voltage  on  burnings 
must  specify  the  level  of  resistance. 

4.  The  electrostatic  sensitivity  re¬ 
sults  obtained  for  29‘fnicron-average- 
particle-size  magnesium  powder  are 
reproducible. 

5.  Addition.,!  work  will  be  needed  to 
evaluate  the  effect  of  gap  ength  and 
humidity  at  zero  resistance  and  ro  de¬ 
termine  the  electric  spark  sensitivity  of 

a  wide  range  of  pyrotechnics,  explosives, 
and  propellants. 
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Normality  of  Distribution  of  Experitt^ent  1  Capacitiince  Data 
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Confirmation  of  Figures  4  and  6  at  Controlled  Teaperamre  and  Humidity 
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Fig  10  Area  Graph  Showing  Interaction  Between  Voltage  and  Energy 


Interactioo  Between 


23 


%HITS  (30  TRIALS  AT  EACH  LEVEL) 


